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S U M M A R Y
Objectives: Koot-Abdollah is a neighborhood in Ahwaz, in the southeast of Iran, susceptible to public
health hazards due to a number of factors, including a low level of personal hygiene, inappropriate
community sanitation, and a high level of environmental andwater pollution. This studywas designed to
measure the incidence of acute childhood diarrhea in this neighborhood.
Methods: This was a descriptive population-based study. Via multistage sampling, data were collected
by interviewing the mothers in their homes. Reported 95% conﬁdence intervals included a ﬁnite
population correction factor and accounted for the cluster sampling design.
Results: The study included 2016 children aged 6 to 60 months. Overall, 725 (36.0%) of the children
studied had experienced an episode of acute diarrhea during the previous twoweeks. In other words, the
children demonstrated a rate of diarrhea per 100 person-years of 936 for the studied period, which was a
time period expected to reveal the lowest possible incidence of diarrhea.
Conclusions: The incidence of diarrhea per two weeks in Koot-Abdollah is exceptionally high. The
limitation of available drinkingwater, warmweather, illiteracy, poverty, and low incomes, in addition to
the low level of sanitation and personal hygiene and extreme environmental pollution contribute to this
high incidence.
 2010 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Koot-Abdollah is a neighborhood in Ahwaz, a city built on the
banks of the Karoon River and situated in the middle of Khuzestan
Province, southern Iran. This province is said to have suffered the
heaviest public health system damage among the Iranian
provinces during and following the period of war and conﬂict.1
Most inhabitants dispose of their wastewater into the accessory
sewerage system, of which a large amount is released into the
Karoon and Saleh rivers without puriﬁcation. Others dispose of
their wastewater into open ditches. The only wastewater
treatment plant in Ahwaz used to release untreated disposal
biosolids for agricultural use, which could directly transmit disease
and create a potential public health hazard.2 Moreover, the
agricultural use of untreated wastewater products could contrib-
ute to further pollution of the rivers.3* Corresponding author. Tel.: +98 21 2387 2567; fax: +98 21 2243 9936.
E-mail address: a.kolahi@sbmu.ac.ir (A.-A. Kolahi).
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doi:10.1016/j.ijid.2009.10.001The Karoon River, the largest river in Iran, is highly polluted
with sewage and industrial waste, posing a major problem and
priority issue, not only for Ahwaz, but for the whole province.4
Water quality is a serious problem in Ahwaz. Despite the ﬁltering
and processing of the city tap water by the Water Company,
consumers are switching tonewsources of drinkingwater, such as
unlicensed 15–20 liter deposit-refund containers, and taking
extrameasures to reduce the contamination of the drinkingwater
(e.g., home ﬁltering and boiling tap water). A study conducted
among 10–15-year-old students in Ahwaz showed thatmore than
81% of them had antibodies against hepatitis A, a fecal–oral
transmitted disease.5
Determining the incidence of diarrhea can provide an
estimation of social health level and its relationship to water
and sanitation. The World Health Organization (WHO) has
previously used the incidence of diarrhea as an indicator of
water and sewerage system conditions.6 Because diarrheal
diseases are not completely reported in Iran and there are no
existing reliable data, we planned to measure the incidence of
diarrhea per two weeks among children aged 6 to 60 months in
this population-based survey.ses. Published by Elsevier Ltd. All rights reserved.
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between 1.87million and 2.5 million deaths every year.7 Disability
adjusted life years (DALYs) include the toll not only of death, but
also of sickness and impaired functioning, and thus track a burden
of disease greater than that measured from simplemortality data.8
Yet, epidemiologic data are scarce in low income areas, where they
are most needed.7 This report was written with the intention of
ﬁlling one of the plentiful gaps in the data and to bring attention to
one of perhaps many of the pockets of low sanitation and high
incidence of diarrhea.
2. Methods
This study was the ﬁrst stage of a two-stage ﬁeld trial aimed at
determining the effects of a sewerage system on the incidence of
acute childhood diarrhea in Ahwaz. This phase consisted of a
descriptive measure of the incidence of acute diarrhea per two
weeks.
The population under study consisted of children aged 6 to 60
months, who lived in the southeastern part of Ahwaz in a
neighborhood called Koot-Abdollah. Koot-Abdollah has a popula-
tion of approximately 150 000, and an estimated ﬁgure of 22 000
children aged between 6 and 60 months. It must be noted that this
area was not connected to the sewerage system at the time of the
study, and sewage was released into gutters and streets.
In a random population-based survey, mothers of children
aged 6 to 60 months were asked about the incidence of diarrhea
in their children during the previous two weeks. Acute diarrhea
was deﬁned according to the WHO deﬁnition, as the passage of
loose or watery stools at least 3 times in a 24-h period lasting
less than 14 days.9
A multistage sampling method was used. First, the area was
divided into 216 clusters with unknown but roughly estimated
equal populations, according to municipality data and maps; 48
clusters were randomly selected from these. In each cluster one
house was randomly selected to be the head of the cluster.
Interviewing started from the head of the cluster and was
continued by surveying the residence to the immediate right side
of the residence chosen, until the appropriate sample size was
reached, which was 42 children aged 6 to 60 months for each
cluster. If more than one eligible child lived in a residence, one was
chosen at random by numbered cards.
The total sample size of 2016 children aged 6 to 60 months was
chosen to achieve a 95% conﬁdence interval (CI) with a half-width
of 2%, assuming that the observed incidence would be 17% and
allowing for a design effect of 50%.Table 1
The distribution of demographic characteristics in the studied population
Characteristic
Child’s gender Female
Male
Mother’s education Illiterate
Elementary school
Secondary school
High school
Diploma or higher
Mother’s employment Householder
Employed
Health insurance coverage Yes
No
Home ownership Yes
No
Source of drinking water Tap water
20 liter containers
Bottled water
Home ﬁltered tap water
CI, conﬁdence interval.Data were collected by door to door interviews with mothers;
questionnaires were completed by female physicians, medical
students, nurses, and nursing students under supervision of the
communitymedicine department. All the interviewerswere locals,
and had received training before the study.
Data were analyzed using SPSS 11.5 software (SPSS Inc.,
Chicago, IL, USA) to calculate the descriptive results. Incidence
estimates were calculated with equal weight given to each
responder (the populations of the clusters were roughly equal).
Reported 95% CI included a ﬁnite population correction factor and
accounted for the cluster sampling design.
3. Results
A total of 2016 children aged 6 to 60 months were included in
the study. The number of male and female participants was almost
equal, 997 (49.5%) being male and 1019 (50.5%) female. The mean
age of the children was 34.9 (95% CI 32.1–37.7) months, and the
mean age of the mothers was 27.8 (95% CI 25.4–30.3) years. Less
than 4% of the mothers were illiterate, 20% had received their high
school diploma, but only 19 (less than 1%) had attended university.
Of the mothers, 1960 (97.2%) were housewives and only 56 (2.8%)
were employed.
More than half of the children (51.6%) did not have any kind of
health insurance. Of the children that did have insurance, most
were covered by social security insurance (40%). This ﬁnding was
consistent with the ﬁnding that 40% of the fathers were blue collar
workers. Roughly 70% of the families were home owners.
More than 75% of the people directly used tap water without
any modiﬁcation. Approximately 20% used home tap water ﬁlters
and less than 1% (only 12 families) bought bottled drinking water.
Table 1 shows the basic and demographic information regarding
the studied population.
In response to the question of how many hours a day was city
water available, 95% answered that water was available 24 h a day,
4% claimed that they had water only 12 h per day, and 1% replied
with periods varying between 18 and 20 h. However, the
researchers observed that the pressure of water was almost never
satisfactory. Most families had vacuum pumps that would pump
water to water towers fromwhich it was subsequently distributed
for use.
The results showed that overall 725 (36.0%; 95% CI 33.7–38.0%)
of the children had reported acute diarrhea during the last two
weeks. In other words, for children aged 6–60 months living in the
studied areas, the rate of diarrhea per 100 person-years for the
period of study was 936. This is calculated by multiplying the rateFrequency, n (%) (N=2016) 95% CI
1019 (50.5%) 47.6–53.6%
997 (49.5%) 46.4–52.4%
64 (3.2%) 2.2–4.2%
824 (40.9%) 37.5–44.3%
344 (17.1%) 14.8–19.4%
386 (19.1%) 17.0–21.2%
398 (19.7%) 17.6–21.8%
1960 (97.2%) 96.2–98.2%
56 (2.8%) 1.8–3.8%
976 (48.4%) 45.2–51.6%
1040 (51.6%) 48.4–54.8%
1394 (69.1%) 65.8–72.4%
622 (30.9%) 27.6–34.2%
1449 (71.9%) 67.4–76.4%
154 (7.6%) 4.9–10.3%
12 (0.6%) 0–1.1%
401 (19.9%) 16.7–23.1%
Table 2
Comparison of acute diarrhea incidences in Ahwaz children by age group
Age group Afﬂicted with diarrhea Frequency, n (%) (N=2016) 95% CI Total
6–24 months Yes 368 (48.6%) 44.9–52.4% 757 (37.5%)
No 389 (51.4%) 47.6–55.1%
25–60 months Yes 357 (28.4%) 25.5–31.2% 1259 (62.5%)
No 902 (71.6%) 68.7–74.5%
Total Yes 725 (36.0%) 33.7–38.0% 2016 (100%)
No 1291 (64.0%) 62.0–66.2%
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weeks), for 100 persons.
In fact, the rate of diarrhea per 100 person-years of 936 was
obtained in a time period for which the least amount of diarrhea
was anticipated and it is expected that year-round ﬁgures could be
higher than this. As observed in numerous studies, the incidence of
diarrhea in the northern hemisphere follows a seasonal pattern
and has two peaks in the cold and warm seasons. The mid-season
months of the spring and fall, April–May and October–November,
approximating the equinox, demonstrate the lowest incidence
rates.10–14 During months with more moderate temperatures,
diarrhea is more likely to be dependant on personal hygiene and
environmental sanitation, and this is why mid-fall was chosen for
data collection.
Children under 2 years of age had a signiﬁcantly higher rate of
diarrhea than children aged 2 to 5 years (Table 2). In children
under 2 years of age, 48.6% (95% CI 44.9–52.4%) reported diarrhea,
while only 28.4% (95% CI 25.5–31.2%) had reported diarrhea in the
2–5 years age group.
More than 77% of the children had received medication for
diarrhea, while 60% of the children had received oral rehydration
solutions (ORS). About 7% of the children had received IV
rehydration therapy. This ﬁgure corresponds to the 7% hospitali-
zation rate in the children.
The average amount paid out of pocket was different according
to the place where medical attention was sought. The cost of
treatmentwas higher in private ofﬁces (US$18.3, 95% CI 15.0–21.6)
than in health care centers (US$13.4, 95% CI 11.1–15.8). The
amount paid out of pocket was also different between those who
had insurance coverage and those who did not; the average
amount paid out of pocket for those who did not have insurance
(US$17.3, 95% CI 14.6–19.9) was higher than for those who did
(US$13.5, 95% CI 11.1–15.9), but this difference was not
statistically signiﬁcant.
Of those that had insurance, 82.0% (95% CI 78.0–86.0%) reported
going to a physician. This ﬁgure was 83.4% (95% CI 80.2–86.7%) for
the population that did not have insurance. A similar observation
wasmade for hospital admission; 5.6% (95% CI 2.8–8.4%) of insured
patients were admitted to hospitals compared to 7.9% (95% CI 4.5–
11.3%) of those without insurance.
4. Discussion
This study demonstrated that overall 36.0% of the children
studied had experienced an episode of acute diarrhea during the
previous two weeks, indicating a rate of diarrhea per 100 person-
years of 936 for children aged between 6 and 60 months living
within the areas studied.
The diarrhea incidence obtained was interesting in the sense
that during recent years no study in the country has reported an
incidence as high as this. The highest incidence per two weeks
reported was 18.4% for Sistan–Baluchestan Province.15 [Au?1] The
ﬁndings of the current study demonstrate an incidence almost
twice this ﬁgure.
On average, each child in the world experiences an average of
one to three episodes of diarrhea per year, with incidence rates ashigh as 10 per year for children in some areas.16 Areas with high
incidences include places like rural Afghanistan, where incidences
as high as 45.7% per two weeks have been demonstrated.17 The
ﬁgure obtained for diarrhea in Koot-Abdollah may possibly be
slightly overestimated due to the fact that episodes that continued
into the period of study had also been considered, rather than
limiting the cases to those that had begun during the two-week
period. However, considering the short average duration of acute
diarrhea episodes and resultantly, the minimal effect of the bias,
this overestimation cannot explain the unexpectedly high inci-
dence. Moreover, the ﬁgure remains high, even in comparison to
incidences reported from other Iranian cities obtained with the
same methodology.18
Of course, it must be taken into consideration that nowhere else
in the country is the sewage released into public areas to this
extent. This incidence may not only be due to the direct contact of
children with sewage; the untreated released sewage provides for
the deterioration of the community sanitation as a whole.19,20 The
limitations in available drinking water, warm weather, illiteracy,
poverty, and low incomes aggravate the problem, as well as low
levels of hygiene. All these factors are quite evident at the studied
location. These factors had also been previously considered as risk
factors for infectious diseases in a study on 1500 Ahwaz preschool
children younger than 6 years of age, which had found 7.8% of the
children were infected with Entamoeba histolytica and 45.2%
infected with Giardia lamblia.4
Another interesting ﬁnding of the current study is the fact that
77% of the children had received some sort of medication for acute
diarrhea, while only 60% were given the common standard ORS.
This is despite the fact that oral rehydration is the cornerstone of
therapy in acute diarrhea;21 the avoidance of routine antibiotic use
in acute diarrhea is recommended,21 and antidiarrheal agents
should not be used in childhood diarrhea.22 Overprescription of
medications is not a recent ﬁnding in Iran:23 the average number of
drugs prescribed per encounter is 3.4 throughout the country.24
Various studies support this ﬁnding with similar results; the
average number of drugs prescribed per encounterwas found to be
4.4 in Babol, 4.1 in Rasht, 3.3 in Tehran, 2.8 in Isfahan, and another
study addressing the country as a whole, presented the number to
be 3.8.25 A comparisonwith the average for developing countries of
1.3 to 2.2, demonstrates the magnitude of this issue.25 It must be
noted that ORS is neither expensive, nor in short supply in Iran,
therefore, an interesting additional study would be to determine
what kind of medications were prescribed for these children.
Generally, children with insurance are expected to have better
access to health care compared to those who do not have
insurance.26 In the current study, the rate of physician referral
did not show a signiﬁcant difference between children with
insurance and thosewithout it. On the other hand, the difference in
health care access between insured and uninsured children is
usually measured by specialty care, which is considered to be a
magniﬁed expression of the effect of insurance, in comparison to
primary care; reasons for this claim include the higher out of
pocket spending in specialty care and the potential barrier effect of
primary care, meaning that if access to primary care is limited for
uninsured children, they are less likely to be referred for specialty
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health care may not be easily demonstrated in the primary care
arena.
Hospital admission is negatively correlated with insurance
coverage: uninsured children have higher rates of hospital
admission, higher mortality rates, higher degrees of severity of
illness, and are more likely to be admitted through emergency
departments.27 This study, however, did not show a signiﬁcant
difference between admission rates in children with and without
insurance, despite signiﬁcantly higher out of pocket spending
among the uninsured.
The area studied, called Koot-Abdollah, on the southern margin
of Ahwaz, has a different socioeconomic status than other parts of
Ahwaz and is one of the lowest rated areas in the country in terms
of health indices. An example of this is the insurance coverage rates
obtained in the present study. While national rates of insurance
coverage are more than 90%, the insurance coverage for the
children in the current study was found to be less than 50%.
Koot-Abdollah is almost located outside the Ahwaz city
boundaries, but has been provided urban facilities such as water,
gas, and electricity from the Ahwaz City Municipality. This
neighborhood has been recognized as having non-satisfactory
conditions with regard to sanitation and is now one of the high-
priority areas for connection to the urban sewerage system by the
Ahwaz Water and Wastewater Company.
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